During an explosive outbreak of falal enteropathic disease involving Clostridium perfringens iota (i) toxin. a total of 183 deaths occurred in 18 weeks. The clinical signs and post-mortem findings are reported. Examinations for virus, Bacillus piliformis and coccidia were negative. Clostridium perfringens i toxin was detected in 22 of 27 animals examined (81·5%), but clostridia were not isolated. Various treatments wcre attempted. It is concluded that i toxin and the syndrome described are closely related.
Sudden deaths occurred in a breeding colony of rabbits after it had been established for about 12 months. Up to 5 animals died daily with no previous signs of clinical illness. In this paper we describe the characteristics of the disease, the treatment that was administered and examinations carried out to elucidate the pathogenesis of the syndrome.
Materials and methods Animals
A breeding nucleus of New Zealand White (NZW) rabbits was acquired from the Imperial Cancer Research Fund Laboratories (ICRF) at Mill Hill, London, NW7 lAD, UK. The animals were free from endemic pathogens including external parasites, Pasteurella spp., Haemophilus spp. and Bordetella spp. to the MRC Category 4 standard (Report, 1974) .
The ICRF animals were used as foster mothers and a hysterectomy programme was conducted to replace the original nucleus. At the outbreak of the disease a breeding colony of 50 does had been established which consisted of NZW (from a strain developed by the late Dr J. S. Paterson, Allington Farm, Porton Down, Salisbury, Wiltshire, SP4 OJQ, UK), English (obtained from the Red Cross Hospital at Taplow, now closed) and cross-bred Lops (Froxfield Rabbit Co., Broadway Farm, Petersfield, Hampshire, GU32 IDR, UK).
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Diet and housing
All stock in the breeding area were fed CRB (Labsure Animal Foods, PO Box 6, Agrarian House, Castle Street, Poole, Dorset, BH 15 I HL, UK) or rabbit pellet no. 474 (Grain Harvesters Ltd, The Old Colliery, Wingham, Kent, CT3 I LS, UK) ad libitum. Rabbits were weaned at 4-5 weeks of age and transferred to diet RI4 (Labsure Animal Foods). All pelleted diets were irradiated at 1·0 Mrad. Sterile hay was provided for females during late gestation and lactation.
All stock was kept in aluminium cages with perforated floors. Room air changes were between 15 and 20 per hour, with a range of 18-20 o C and 50-65% relative humidity.
Examinationfor
coccidia Faecal samples from the breeding colony were examined routinely every 3 months for coccidial oocysts by salt flotation (Report, 1977) . In addition, smears from the caecal wall of rabbits which died were examined microscopically for oocysts.
Bacteriological examination
Examination for Salmonella spp. was by inoculation of selenite F broth and deoxycholate-citrate agar using swabs of caecal content. Examination for clostridia has been described (Fernie & Eaton, 1980) .
Examinationfor
Tyzzer's disease Livers from dead rabbits were examined macroscopically and microscopically for lesions consistent with Tyzzer's disease (Allen, Ganaway, Moore & Kinard, 1965) . Sera collected from breeding does were examined by immunofluorescence for antibodies to Bacillus piliformis (Fries, 1977) .
rotavirus Monkey kidney cells (LLCMK 2) were inoculated with rabbit caecal contents and observed for any cytopathic effects. In addition, precipitated concentrated deposits of caecal content were examined by electron microscopy after negative staining with 2% potassium phosphotungstate.
C. perfringens toxins Gut contents were examined for C. perfringens toxins by means of serum-neutralization tests in guineapigs (Fernie & Eaton, 1980 
Results

Disease history
In the I st operational year of the hysterectomyderived breeding colony 4 adult rabbits died or were found moribund. No specific lesions were noted at necropsy and neither bacteriological nor histopathological scrutiny identified the cause of disease. Less than 5% of young rabbits died prior to weaning and this mortality was attributed to agalactia or poor mothering.
Sudden deaths occurred in the early spring. Up to 5 rabbits died each day without previous signs of clinical illness. Rabbits of both sexes, all strains and all ages (22-533 days) were affected, including breeding does at all stages of pregnancy or lactation and working bucks. The age range most severely affected was 5-10 weeks ( Table 1) . As the disease progressed through the colony some rabbits were seen to scour a little a few hours prior to death and a few adults, found hypothermic and moribund, had heavy perianal and underbelly faecal soiling.
Post-mortem findings
The carcases were all in good condition with average deposits of perirenal and omental fat. About 10% of the animals were dehydrated. The faecal soiling of the perineum became a consistent feature and about half the cadavers showed marked green-blue dis- No lesions were observed in the respiratory system and in the majority of cases death was so rapid that no congestion of the lung had developed. The stomach was full of normal ingesta; the small intestine contained no food but small quantities of viscid mucus were present. The caecum was enlarged and the wall was streaked with 'paint brush' haemorrhages. Haemorrhagic lesions were prominent in adults but only rarely seen in animals under 8 weeks of age. The caecal contents were fluid, dark-brown to khaki in colour with some lumps of fibre. The colon varied in size from normal to slightly distended, and its contents from clear mucus to a fluid similar to that in the caecum. In no part of the intestinal tract was excess gas production seen.
The liver appeared normal, but during drug treatment fatty degeneration was a common finding. Kidney pathology was variable; in young animals a mild pallor of the cortex was seen, but in a large proportion of older animals it was an intense orangered in colour and pulpy in consistency.
In some young rabbits at the outbreak of the disease, ecchymoses were seen in the thymus. No lesions were observed in the cardiovascular, reticuloendothelial-lymphatic or genital systems.
Histopathological examination
Sections of ileum, caecum and colon were stained with Ehrlich's haematoxylin and eosin, Giemsa's stain, and by silver impregnation (Warthin-Starr). In all sections dwarfing of the mucosa was prominent with the greatest damage in the caecum. The remaining epithelium showed a variable degree of vacuolation with some pyknotic nuclei. Polymorphonuclear leucocyte infiltration was slight or absent. In a few cases a significant number of polymorphic nuclei were visible in the crypts, but cellular response to injury was generally absent. A search for clusters of thin rods typical of Bacillus piliformis was unsuccessful. The kidneys showed a variable reaction. Those which were macroscopically normal revealed only minor tubular epithelial degeneration (karryolysis and cytoplasmic vacuolation). Those described as 'pulpy' revealed acute cortical necrosis with total disruption of normal architecture and extensive vacuolation of medullary tubular epithelium.
The spleens and mesenteric lymph nodes also revealed a range of response from minor haemosiderin deposits to extensive depletion of cell populations, especially in the medulla. In both cortical centres and medullary sinuses pyknosis and karryorhexis were widespread.
The thymus, even when macroscopically affected, revealed only free blood in tissue spaces.
Neither the liver nor the myocardium contained apparent lesions.
Bacteriological examination
Routine examinations of selective media were consistently negative for Salmonella spp. Clostridia were not recovered from any sample (Fernie & Eaton, 1980) .
Examinationfor toxins
C. perfringens i toxin was detected in 22 of 27 rabbits sampled (81· 5%) as previously reported (Fernie & Eaton, 1980) . No other toxins were detected.
Examinations for coccidia, Tyzzer's disease and rotavirus
Routine examination of faecal samples for parasitic eggs or cysts were consistenlty negative prior to and during the disease outbreak. Smears from caecal wall scrapings were free from coccidial oocysts.
Macroscopic examination of the liver from dead or moribund rabbits revealed no focal lesions. 
Response to treatment
The variety of treatment administered during the outbreak is outlined in Fig. 1 . At the beginning of the disease outbreak, when no immediate cause of the disease was evident, oxytetracycline was given in the drinking water. After 2 weeks of continuous treatment no change in either the mortality rate or the post-mortem appearance was observed and treatment was discontinued.
Changes in husbandry were tried: the weaning age was extended to 5-6 weeks, and hay was provided after weaning. The character of the stomach contents and the faecal pellets changed, but the disease process continued unchecked. When clostridial enterotoxaemia was suspected (the diagnosis was not confirmed until the 60th day) dimetridazole (DMZ) was given orally (DMZ!). After 17 days, with no adequate reduction in the mortality rate, the drug was withdrawn and ipronidazole (IPZ) was introduced. Deaths of adult rabbits ceased within 24 h but the mortality rate in young rabbits (6-8 weeks old) was not affected until 4 days after the introduction of IPZ. Thereafter sporadic deaths occurred, but only in young rabbits after weaning.
To reduce the intensive labour of making up fresh drinking-water drug dilutions, DMZ was incorporated into the diet at a level of 200 mg/kg (DMZ2). The dose level was found to be unaffected by irradiation up to 2·5 Mrad. 7 days after the introduction of DMZ in the food IPZ was withdrawn. Within 48 h the mortality rate rose again in all ages.
IPZ was reintroduced in the drinking water. The pattern was as before-adults ceased to die within 24 h and young rabbits within 4 days.
The 2nd attempt to introduce medication via the food was at an increased dose level: DMZ at 500 mg/kg (DNZ3). This was introduced again 7 days prior to withdrawal of the IPZ. At this level DMZ appeared to be successful in moderating the disease. Occasional deaths occurred in weaned rabbits but the mortality rate attributable to enterotoxaemia fell to the negligible level of 0·06%.
Discussion
Enteropathies of the rabbit have been described for many years and probable aetiologic agents have been reviewed (Prescott, 1978) . The unusual anatomy and physiology of the rabbit intestine in the circumscribed environment of the cage easily leads to disturbances of the gut. Therefore, the differential diagnosis of a disease syndrome dominated by enteric lesions must consider not only the infective agents but also methods, especially nutrition.
Microbial agents associated with enteropathies in the rabbit include coccidia, Salmonella spp., Bacil/us pili/armis. C. perfringens and rota virus (Prescott, 1978) . Attempts in this study to demonstrate coccidia, salmonella or clostridia, or to implicate a viral infection, were all unsuccessful. The syndrome was similar to that described by Whitney (J 976) as the enteritis complex, although the clinical picture of rapid collapse and death and the post-mortem findings of rapid abdominal discolouration with acute nephrotoxicity indicated an enterotoxaemia. The demonstration of a toxin neutralized by C. perfringens i antitoxin in the caecal contents of 22 of 27 rabbits Eaton & Fernie (81·5%) in this study (Fernie & Eaton, 1980) implicated C. perfringens type E as having a major role in the pathogenesis of the syndrome described here. However, since this organism was not isolated, it remains possible that the neutralization of the toxin present by C. perfringens type E antitoxin may result from a cross reaction. Patton, Holmes, Riggs & Cheeke (1978) examined cases of enteric disease in rabbits over 2 years, and attributed 50% of deaths to C. perfringens type E toxaemia. The deaths were apparently sporadic and neither the post-mortem nor the histological findings were consistent with those reported here. However, common features included perineal soiling, haemorrhages in the caecal wall, watery caecal contents and a lack of inflammatory cells in histological preparations from the intestine. Similarly, Patton et at. were also unable to isolate toxigenic C. perfringens from rabbits with enterotoxaemia. Fernie & Eaton (1980) suggested that C. perfringens type E may be particularly fastidious and may require novel selective media for its isolation from a rabbit with enterotoxaemia.
Many instances of intestinal disorders can be shown to be preceded by a change of the environment. In this case, no change in husbandry, diet preparation, staff, feeding, watering or climate occurred. The introduction of more fibre in the diet had no effect on the disease pattern.
There was no distribution pattern of disease either by sex or by strain (the different numbers of each strain that died were in proportion to the colony ratio). Pre-weaning rabbits were not affected, presumably because the gut of the sucking rabbit is sterile (Smith, 1965) .
Although guineapig intradermal tests indicated the presence of a very potent toxin, reproduction of the disease was not attempted since the organism thought to be responsible for the pathological lesions could not be demonstrated. Furthermore, in the affected colony no rabbits could be considered free of potential or actual infection, so that no negative controls were available.
